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Imaging method and device . 

FIELD OF THE INVENTION 

and d PreSent in ™"on relate, to imag i„ g me thods 

and dev lC es, in particular (bu t not exclusively) for 3D 
5 medical imaging. 

More particularly, the invention concerns an 
imaging pr o C?ss for generating a 3-di m ension representation 
of a 3-dimension observation field by detecting radiation 
emissions emitted by a. plurality of voxels (i.e. elementary 
10 volumes of small dimension,, i„ said observation field 
(these radiations may be of any wavelength, and My be 
emitted by said voxels themselves as primary emitting 
sources [for instance if they contain a radioactive tracer] 
or alternately, said radiations may come from an outside 
source of radiations and be scattered by said voxels which 
then constitute -secondary" emitting source, of 
radiations) . 

BACKGROUND OF THE INVENION 

The known imaging processes of this type generally 
imply the use of heavy, bulky and costly J 
instance CT, MRI, PET, or MEG scans. 

OBJECTS AND SUMMARY OF THE INVENTION 

One objective of the nrp^nt- < ~* 

tue present invention is to 

alleviate at least part of these drawbacks. 
25 To this end, the invention proposes an imaging 

process for generating a 3-dimension representation of a 3- 
dimension observation field, said process including at 
least the following steps: 

U) detectln * radiations emitted by a plurality of 
30 voxels in the observation field, through . a collator 
having radiation transmitting areas which are non-uniformly 
distributed, said radiations being detected in a set of 
Pixels forming a 2-dimension image of detection, thus 
determining a detected 2-dimension distribution H(IJ, of 
the radiations detected through the collimator, I ' and j 
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being two indicia renting . position of ^ . 
"here the radiations are detected, 1 

disr k ^ an<i detemlnin « « estimated 3-dimension 
drstr.but.on of the radiation emissions hes (M , k) of the 
5 voxels in toe observation field, which corresponds to said 
detected tension distribution where 1, 3 and * 

are three indicia representing the position of each voxel 
sard estimated 3-dimension distribution of the radiation 
emissions h-U.j.w constituting sald 3 -di m en lon 

esttatd : ° f radiati0 " emiSSi ° nS (i '^> 
ZtZ ^ ^ iteratiVS <™ -.prising successive 
iterations conducted successively for severe! groups of 

W d ° f t? ° bservation fiew (each 9 ™> ° f ~«*. -y 

include erther only one voxel, in which case the iterative 
process is conducted successiveXy for each voxel of the 

observation field, or several voxels in „ hl „ 
,,„„,„ . , voxels, in which case the 

iterative process is conducted in parallel for several 
voxels,, starting fro. a provisional estimated distribution 
of the radiation emissions has., and each n» iteration 
includes the following sub-steps: deration 

distribut"' det ; Cminlng a Elated 2-dimension 
distribution of radiations » V ,(I, fl i„ the plxels 

25 e C l rreSP ° nd K n9 tD Pr ° VUl0Ml di "^"ution of radiation 

25 emissions hes„_, (i, j, k) , 

Cb2). calculating an error function E , 
representative of differences between said calculated 
d stribution H.,.,,:,,, and said det6oted distribQtion 
n{±, J) , 

Cb3> if said error function has a value which is 
composed in a predetermined range (i.e., generally when 
sa.d error function is less than a predetermined value) 
stopping the iterative process and deciding that 
hesU^^hes^Ci,:},*) ; and if said error function has a i 
value which is not comprised in said predetermined range j 
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determining . a new provisional estimated distribution of 
radiation emissions hes n (i,j, k) so as to decrease the error 
function. 

Thanks to these dispositions, it is possible to 
obta^ a 3-dimension representation of the observation 
field, enabling to produce either a 3-dimension image or at 
least one 2-dimension section view of the observation 
rield. 

This 3-dimension representation may be obtained by 
1U a simple apparatus comprising: 

i) a camera or another radiation detector, fitted with 

a special collimator having a non uniform transmittance 
xnstead of a conventional collimator of uniform 
transmittance, 

15 ii) specialized novel mathematical software for 

transforming the encrypted pattern produced by this 
collimator on the detector into a virtual 3D image. 

Further, this apparatus may remain immobile durinq 
the imaging process. 

Therefore, said 3-dimension representation may be 
obtained by simple, light and compact means, at a 
relatively low cost. 

In preferred embodiments of the invention, recourse 
may further be had to one and/or other of the following 
25 dispositions: 

- in step (a) , the collimator through which said 
radiations are detected, ; has a unique spatial pulse 
response for each voxel of the observation field (said 
spatial pulse response of a voxel may be defined as the 
distribution R(i,j, k ;I,J)«H<I,J)/ (N . T) , H (I,J, being the 
distribution of radiations which is detected when only the 
voxel of indicia i, j, k emits radiations at a rate of N 
radiations per second and T being the exposure time in 
seconds) ; 

- in step (a), the radiations are detected around a 
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main axis and the collimator through which said radiations 
are detected, has an average transmittance, averaged on a 
circle of radius r around said main axis, which varies with 
said radius r 

- in step (a), the collimator through which said 
radiations are detected, has an average transmittance, 
averaged on a circle of radius r around said main axis, 
which sinusoidally with the square of the radius r ; 

- in step (a), the radiation transmitting areas of 
the collimator through which said radiations are detected, 
are evenly distributed on each circle of radius r around 
said main axis, comprised in the collimator ; 

- in step (bl), the calculated 2-dimension 
distribution of radiations H' n _i(I,J) in the pixels is 

15 calculated by the formula : 

• j k 

where R(i,j,k;I,j) is a predetermined pulse response 
(calculated or experimentally measured in an initial step, 
before any solid object be present in the observation field 
for imaging) between each voxel of the observation field 
and each pixel of the image of detection (said pulse 
responses between a voxel and a pixel may be defined as 
R(i,j,k;I,J)=H(I,j)/( N . T ), H(i,j, being the number of 
radiations which is detected at pixel (I,j) when only the 
25 voxel of indicia i, j, k emits radiations at a rate of N 
radiations per second, T being the exposure time in 
seconds) ; 

- in sub-step (b2) , said error function is 
calculated according to the following formula : 

- in sub-step (b3), one determines the new 
provisional estimated distribution of radiation emissions 
by a gradient method ; 

- each group of voxels includes several non- 
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contiguous voxels ; 

,. t .„ :. tn SCeP ' a) ' *«" 2-dimensioJ 

distribution »,!,,, is tentative of a number of : 

radian, detected in each p i xe i in a certain bandwidth, ! 
and x„ step <b, said estimated 3-dimensio„ distribution of ! 
the radiation emissions hes(i, j , k) is representative of a 
number of radiations emitted by the vo*eis of the 
observation field in said bandwidth. 

Besides, another object of the invention is an 
imaging device specialiy designed to carry out the imaging 
method as defined above. ' 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other features and advantages of the invention will , 
appear fro, the following detailed description of one^ 
15 sediment there of, give n by way of non-limiting example 
w lt h- regard to the accompanying drawings. 
In the drawings; 

- figure 1 is a schematic drawing of a device 
adapted for carrying out the imaging method according to an 

20 embodiment of the invention, 

- figure 2 is a face view of the collimator plate 
of the device of figure 1, 

- and figure 3 shows a sector of the collimator 
plate of figure 2. 

MORE DETAILED DESCRIPTION 

In. the different figures, the same references 
designate identical or similar elements. 

The imaging device 1 shown in figure i, which is 
exemplary of the devices useable to carry out the imaging 
method according to the invention, may be useful in 
particular, but not exclusively, for medical imaging. 

In particular, the imaging device 1 may be used for 
generating a 3-dimension representation of a 3-dimension 
observation field 3 such as a portion of the body of a 
patxent 2, containing for instance a tumor, as will be 
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explained in greater details hereafter. 

Each voxel, i.e. each elementary volume of small 
dimensions constituting the observation fleld , emits 
radiations which may come : 

5 -either from a radioactive source such as a 

radioactive tracer contained in said voxel , uptakan 
instance by a tumor present in the observation field, 

- or from an outside source of radiations which 
illuminates the observation field 3, in which case the 
10 observed radiations may be constituted by radiations 
scattered by said voxels which then constitute secondary 
emitting sources of radiations. 



The voxels in the observation field will 



identified hereafter by three indicia i < u 

. inaicia i, : , k corresponding 

15 to their coordinates on three perpendicular axes. 

The radiations emitted by the voxels of the 
observation field 3 are sensed by a detector 4, for 
instance a gamma camera. The detector 4 counts (e.g 
through counters and/or integrators, the radiations in each 
20 pixel of a 2-di»ension image of detection of the radiation 
emissions, said image of detection being taken in a surface 
which may generally be a planar surface parallel to the 
front face 4a of the detector 4. The pixels in the 2- 
dimension image win be identified hereafter by „o indicia 
I, J corresponding to their coordinates on two 
perpendicular axes. 

The detector 4 senses radiations in a certain 
bandwidth, which may correspond to gamma rays as mentioned 
above, or to X rays, ultraviolet light, visible light „ I 
JO infrared light. ; 

The detector 4 may be constituted by a gaseous 
detector, a solid state detector, or any other conventional j 
detector, or the detector described in European patent 
application n°01401S05.5 fil ed on July 5. 200!. Preferably, 
5 the detector 4 allows detection of radiations 
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simultaneously in a complete surface (generally a plane) I 
which enables the acquisition of the the 2-dimension image! 
of the radiation emissions in one step. However, the 1 
detector 4 could possibly include a line of elementary 
detectors which is moved inside the casing of the detector 
4 in-order to acquire, line after line, the image of the 
radiation emissions. 

The detector 4 has a main axis of observation X 
which is directed toward a center of the observation field 
3, and said detector 4 receives the radiations emitted by 
the observation field 3 through a collimator plate 5 which 
is preferably disposed substantially perpendicular to the 
main axis X, with the center O of said collimator plate 
disposed on said main axis X. 

The collimator plate 5 may be disposed for instance 
at about half the distance between the detector 4 and the 
observation field 3. Further, the collimator plate 5 is 
disposed such that any radiation coming frora the 
observation field 3 arrives on an active receiving surface 
of the detector 4, i.e. a surface in which radiation can be 
detected. 

Thus, in the example shown in figure 1, the 
radiations passing through the collimator plate 5 are 
comprised in the cone 6 centered on the axis X, and each 
line included in said cone 6 arrives on the detecting 
surface 4a of the detector 4. 

The collimator plate may be for instance in the 
range 10-30 cm in diameter, while the detector may have for 
instance a square front face 4a in the range of 30-50 cm in 
30 width. 

Advantageously, the collimator plate 5 may be 
retained on the detector 4 by a demountable metal or 
Plastic frame set which may be of frusto-conical form The 
frame 7 may be fixed at a first end thereof to the detector 
35 4, for instance through bolts 8 or other fixation means, 
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while the other end of the frame 7 may be £ixed 
instance to a rigid rlng g , thrQugh ^ ^ ^ Qther 
fixation means, said ring 9 retaining the compter pl ate 
5 Preferably, the fixation means used for retaining the 
collator plate, enable to adjust the position of said 
collimator plate. • 

The output , of the detector 4 may be connected to a 
nucro-computer „ Cr Gtner computing ^ ^ 

reconstructing the 3-dimension representation of the 
observation field, starting f r0 m the 2-dimension image of 
the radiations emissions detected through the collimator 
plate 5, as will be explained hereafter. 

The micro-computer 11 may be a conventional micro- 
computer, connected for instance to a screen 12, a printer 
13, a keyboard 14 and/or other user interfaces, or said 
mxcro-computer 11 may be a specific micro-computer 

As shown in figure 2 , the plate collimator 5 may 
constitute a disc or sheet of metal (e.g. steel, stainless 
steel, molybdenum, tungsten, etc., or other appropriate 
material which has a high absorption coefficient for the 
radiation being used. 

Typioal thickness of the plate win be up to l-2mm 
but may be different so that said thickness be optimized 
for the energy of the radiation in use (e.g. gamma-rays, X- 
25 rays, visible radiation. ultra violet radiation and 
infrared radiation) . 

The collimator plate 5 has opaque areas !5 
constituted by the material making up said collimator 
Plate, and radiation transmitting areas 16 which are 
30 generally constituted by cutouts made in the collimator 
plate 5 (for instance by laser cuttingl . 

These radiation transmitting areas 16 constitute a 
pattern which encodes the radiations coming from the 
observation field in a unigue way when said radiations pass 
55 (non-diffractively, through the plate 5 to the detector 4 
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such that it becomes later possible to reconstruct the 3- 
dimension image of the observation field (or a 2-dimension 
section view of said observation field) by decoding the 2- 
^ pension image of the radiations detected by the detector 

More specifically, the collator plate 5 through! 
which said radiations are detected, has preferably a unigue , 
spatial puise response for each voxel of the observation ' 
field, said pulse response of a voxel may be defined as the ! 
10 distribution R(i / j,k;I,J)=H(i / j)/ (N.T) , wher e H (I,J) is a 
distribution of the radiations which are detected in the 1 
pixels of indicia I, j of th ~ ? . 

. o or the 2 -dimension image of the ; 

radiation emissions when only the voxel of indicia i j k ! 
emits radiations at a rate of N radiations per second' and T 
15 is the duration of observation or exposure time ( N may be i 
the total rate of emission in all directions, or only the 
rate of the total of the emissions which are detected by 
the detector 4 through the plate 5) . 

The radi ^ion transmitting areas 16 of the 
20 collimator 5 through which said radiations are detected 
are generally non-uniformly distributed. However, these 
areas 16 may be evenly distributed on each circle of radius 
r around the center O (or at least any circle comprised in 
the collimator plate 5, if said plate is not circular in 
25 shape) . 

In an advantageous embodiment, the collimator plate 
5 has an azimuthally-averaged transmittance (i.e. averaged 
on a circle of radius r around the center 0) . which varies 
with the radius r. For instance, said azimuthally-averaged 
transmittance may vary sinusoidally with the square of the 
radius r. 
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in a particularly preferred example, as taught in 
document GB-A-2 252 843 and T. D. Beynon, Optics Letters 
vol. 17, no. 7, pp 544-546 (1992), said azimuthally- 
averaged transmittance t may be in the form : 
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/ = l/20 + c«<2pl + *)). 



where R is the total radius of the collator plate 5 and b 
is a constant. 

5 ^„ ^ BXamplS ' 33 Sho " n ln fi 9"«s 2 and 3, thai 

5 pattern of the collimator plate S Ky be constituted by the 
angular repetition of a dis* sector 17. in which the opague 
portro ls are formed by arcs of circle A of ^ulZl 
length L such that : j 

i --.(!- Co*-— )), wh . re n ia the nuniber Qf sectors i 

10 angularly repeated in the collimator plate 5. 

in Fio, An T" 3 ^ 0115 deSl *" £ <" «— »ys is that shown 
m Frguree 2 . and 3 which has 20 sectors ,„=20) and 20 
opague zones in each sector. However this design can be 
adjusted in partioular £or radlations 
15 wavelengths, vnusr 

Evidence shows that such a system has the ability 
to convey resolution of an object of l to , « 

r no r S thr ° U9h lm39e PaCter "' * a ««~ 

givrng rt a 2-dimension resolution of the same order 

col!' ♦ " atUre ° f the Of the encoding plate 

collimator 5 ensures that the intensity distribution „ t(J) 
(I.e. the number of radiations detected in each pixel, in 
the 2-drmension image of detection replicates the intensity 
distribution that would have been recorded on a 
25 conventional Ga bor hologram formed' by interference. The 
compiex image of detection formed through the collimator 
Plate 5 on the detector can then be treated as a 
holographic l m age or shadowgraph which, through novel 
formulation, enabies to reconstitute a 3-dimension 
30 electronic image of the observation field, even though the 
emitted radiation is incoherent (contrary to conventional 
holographs) . 

This reconstituted 3-dimension representation of 
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the observation field is an estimated 3-dimension 
distribution of the radiation emissions hes(i,j, k , of the 
voxels in the observation field, which corresponds to said 
detected 2-dimension distribution H(I,J>, and which may be 
5 computed by using a theoretical model of propagation of the 
radiations between the voxels of the observation field and 
the pixels of the image of detect ion . 

This theoretical model may be calculated from the 
form of the collimator plate, using the physics processes 
10 which determine the image detected by the detector 4 (such 
model may include for instance a complete mathematical 
representation of the collimator plate with its photon 
scattering and absorption, and may also possibly include a 
mathematical representation of the photon scattering and 
15 absorption of the bones and tissues in or near the 
observation field so that transmission functions for each 
passage of particles from source to detector can be 
included to refine the predictive model (a classical 3 
dimension image of the patient's body in the region to be 
observed will generally be already available before the 
imaging with the device l,which will allow a unique 
-.. transmission function for the component parts of the track 
relating to each phase to be described, for instance if the i 
device 1- is used tor" peroperative imaging, in particular ! 
25 peroperative imaging of a tumor being excised) . ' j 

As an alternative, such theoretical model may also I 
be determined experimentally, in a preliminary ste p wherein j 
one places a punctual source of radiation successively in ' 
each voxel i, j, k of the observation field, before any • 
xmagrng is carried out, and for each of these voxels, one > 
measures the distribution H(I.J) of detected numbers of I 
radiations (intensities), thus obtaining spatial pulse 1 
responses R(i, j , k; I, J) *=H (I, j) / (N. T) , N being N being the 
rate of radiations per second at which the voxel of indicia :' 
35 i, j, k emits radiations, T being the exposure time in , 
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seconds, i.e. the duration of detection for each voxel 

When using the above pulse responses, the! 
calculated distribution of radiations H'(l,j, detected in I 
the pixels of the image of detection .is linked to the I 
estimated distribution of radiations hesU,^) emitted by ! 
the voxels of the observation field, by the following ! 
formula : ; 

H ' ftJ)«2]5]2 R < i .J-k;I t J).hcs (Uk), 

i j k [ 

More particularly, the estimated distribution of ; 
radxation emissions hes(i,j,k) ^y be estimated by an I 
iterative process comprising successive iterations (inverse ! 
algorithm) , starting from an initial provisional estimated ! 
distribution of the radiation emissions hes 0 (i, j , k , . j 
This initial provisional estimated distribution ! 
h-o<i,J,k). may be predetermined and may in particular be ! 
Constituted by a uniform distribution (for instance i 
hes 0 (i, j,k)=l for all voxels). 1 

As an alternative, the initial provisional ' 
estimated distribution he So (i,j. k) may be a function of the 
measured distribution H(I f J), for instance based Qn 
transform techniques (including fast Fourier transforms 
discrete Fourier transforms, correlation techniques) . 

Starting from the above initial provisional 
estimated distribution hes 0 (i, j, k) , the Computer n 
25 several iterations, wherein each n - iteration includes the 
following sub-steps; 

(1) determining a calculated 2-dimension 
distribution of radiations H Vl (I,J) in the pixelSf 
corresponding to the provisional distribution of radiation 
emxssions hes n > t <i, j , k) , for instance: 
H'„., (I.^)=Z2Z R ( i .j^tJ).hes B . l (iJ,k) , 

lit. 
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(2) calculating an error function E n x 
representative of differences between said calculated 
distribution HVt(I,J) and said detected distribution 
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H(I,J), for instance: 



(3) if said error function is less than a 
predetermined threshold, stopping the iterative process and 
5 deciding that hes(i, j , k) -hes^ <i, j,k) ; and if said error 
function has a value which is not iess than said threshold, 
determining a new provisional estimated distribution of 
radiation emissions hes n (i, j/k ) so as to decrease the error 
function: for instance, said new provisional estimated 
10 distribution of radiation emissions may be determined by a ! 
gradient method. Two iterative estimations may allow the 
prediction of the third based on the gradient of the 
functioning formula . 

The above iterative process is conducted 
15 successively for several groups of voxels of the 
observation field. Each group of voxels may include: 

- either only one voxel, in which case the 
iterative process is conducted successively for each voxel 
of the observation field, 
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- or preferably several voxels, in which case the 
iterative process is conducted in parallel for all voxels 
of each group, said voxels of each group being preferably 
not contiguous. 

The 3-dimension representation hes(i,j,k) of the 
observation field which is thus obtained after convergence 
of the iterative process in all voxels of the observation 
field, may be used either for generating a 3-dimension 
image of the observation field (e.g. a perspective view), 
or for generating one or several 2-dimension section views 
30 of the observation field. 

By way of examples, a few possible applications of 
the process according to the invention are given hereafter: 

- detection of relative uptake of target organs, 
tissues or pathological disease areas or processes, of a 
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specaf lc isotope system or isotope labeled ligand system 
allowing high speed real time definition and resolution 
wzth a Ixnearity of response allowing measurement of both 
volume and specific activity of the target cells, displayed 
as a two or three dimensional quantitative visual image, in 
animals or humans, possibly with concurrent analysis of 
more than one isotope or labeled Isotope system based on 
energy level discrimination; 

- merging of the 3-dimension image obtained from > 
' the imaging process of the invention with other images by 1 
xmage fusion to achieve precise anatomical coincidence of 
measured activity to anatomical, and morphological sites 
indicated by Magnetic Resonance imaging ( MR i), Computerized i 
Axial Tomography (CAT) , Ultrasound, Single Photon Emission i 
Tomography (SPECT/SPET), Positron Emission Tomography ' 
(PET) , Magnetic Intensity Devices (IMR, MEG) , and other ! 
devices dependent on the imaging of x-ray, visual I 
(microscope) , or extra visual wavelengths (Near Infra-Red) ; \ 

- use of the above imaging process to analyze ' 
existing commercially available isotopes, labeled ligands 
and labeled drugs of energies from more than 510kev 
downwards; 

- incorporation of the imaging method into shaped 
and. reconstructed detector devices based on the gamma 
camera devices so described in this application to optimize 
2D and 3D and quantitation; 

- imaging and quantitation, when applied to regions 
of the human body especially the head and brain, neck 
thorax and contents including thoracic wall, breast tissue' 
lungs, cardiac and pericardial components, and associated 
vascular structures, abdominal and pelvic regions and 
contents and visualization of tissues and vascular 
structures of the limbs ; 

- analysis of components i n the normal and 
pathological states, with particular reference to 
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ischaemic, infective. oncological, degenerative and 
traumatic processes; 

- imaging of brain and spinal tumors in conjunctive 
integration with various real time image guided or image 
directed neurosurgical devices, in particular to provide 
real-time (vit-peroperative, images to indicate the 
efficiency of surgical excision and/or to delimit eloquent 
and sensitive areas of the brain concurrently with areas 
mtended for resection in real time enabling improved 
excision and reduced risk of injury or damage to allied 
brain, thereby reducing morbidity; 

a d r ,' , faCil " atin9 real «- ^9ing of spinal tumors 
and pathology, in conjunction with fluoroscopic and X-ray 
devices; y 

- imaging of large, medium and small (tissue level) 
vascular structures in the brain and their allied 
parenchyma, for the purposes of detecting norma! perfusion 
ischaemia and hyperaemia, in normal and pathological states 
so described above. This utiles the unique ability of 
the detector device in this application to count rapidly 
all incident gamma radiation, from point sources dependent 
on position, concentration and activity, at high resolution 
using existing isotope or labeled ligand systems, in short 
periods of time allowing rapid sequence analysis through 
multiple dosing and imaging, 0 f dynamic pathological 
changes or therapeutic responses, without deiay problems, 
and at low absorbed radiation doses, even in iterative 
dosing schedules; 

- near real-time analysis of brain status in 
ischaemic, traumatic and neurosurgical patients, to follow 
pathology and response to therapeutic maneuvers eo 
improvement in tissue perfusion after thrombolysis 'i n 
cerebrovascular accident ('stroke'), improvement in brain 
perfusion and/or metabolism, after relief of raised 
intracranial pressure, or elevation of cerebral perfusion 
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pressure, in trauma or subarachnoid haemorrhage; 

- measure and visualization of lesions in the brain 
such as tumors, to determine tumor load, and in real time 
and delayed time to image coincidental^ therapeutic 
5 instruments such as drugs and their distribution to the 
«gad tumor (coverage), gene- therapy, radiation (vide 
infra), thus enabling confirmation of access, early 
detection of response, and proof of mechanistic P rinci pl e 
in such a way as to accelerate development and reduce costs 
m the introduction of new treatments, whilst allowing 
reduction of risks to the patient; 

- incorporation of the imaging process with imaging 
required for radiation oncology, stereotactic radiosurgery 
(SRS) , stereotactic radiotherapy (SRT) , conformal planning 
L5 intensity modulated radiotherapy (IMRT) using continuous 
dynamic treatment or step and shoot to determine target 
size and dosage distribution; 

- measure of direct radiation applied, and dosage 
delivered; y 

0 - incorporation of the imaging method to the area 

of Boron Neutron Capture Therapy < B NCT) to determine the 
gamma emission following the initial n-a reaction as a 
stoichiometric measure of received radiation dose to tumor 
and/or tissue in the brain and other sites as indicated 
above, thus providing a real-time measure and image of dose 
distribution and dose received, and solving one of the 
n^or problems in determining microdose prescription, and 
radiation injury in this novel but complex treatment. This 
will enable BNCT to be used more widely and as safely or 
more so, as conventional radiation methods ,- 

- detection, diagnosis, image directed surgery, and 
image directed treatment of diseases of the ear, nose and 
throat with particular reference to oncology; 

- detection, diagnosis, image directed surgery and 
image directed treatment of diseases of the kidney with 
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particular reference to oncology; 

- detection, diagnosis, image directed surgery, and 
image directed treatment of diseases of the thyroid gland 
with particular reference to oncology; 

- detection, diagnosis, image directed surgery, and 
image directed treatment of diseases of bone with 
particular reference to bone density and oncology; 

- imaging of lung, breast, and gastrointestinal 
tract for the detection of, and screening for malignancy 
using both the principal methods of unselective relative 
xsotopic activity uptake, and selective specific targeting 
with directed labeled ligands, based on the high 
sensitivity and resolution afforded by the performance of 
the detector device described in this application, thereby 

15 offering the possibility of improved early detection over 
existing methods, such as chest X-ray, mammography or bowel 
series x-rays or endoscopy, in a more . reliable cost 
effective manner, acceptable to patients, and using a 
device and protocol allowing mass use at low cost levels- 
20 - imaging of cardiac tissue function and pu m P 

performance in real or near . real-time to visualize and 
quantify heart perfusion, cardiac output, and ventricular 
ejection fractions at rest and during exercise; I 

- analysis of cardiopulmonary performance of right 
and left ventricles at rest and during exercise; 

- imaging of cardiac tissue in cardiomyopathy, ! 
heart failure, situations of ischaemia, valvular ! 
dysfunction, and hibernation both acutely and episodically; i 

- assessment of cardiac performance and cardiac [ 
tissue in painful and non-painful ischaemic states to ' 
elucidate recoverable or salvageable muscle tissue; 

- cardiac (mobile) monitoring of patients in the : 
intensive therapy unit setting by virtue of the portability 
of the detector system described in this application; ! 

- quantitative cardiac monitoring and visualization i 
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in patients undergoing existing or novel treatments, at 
various time intervals; 

- analysis of cardiac function and performance in 
the operate theatre in real ti» during surgica! 

5 manipulation of the heart; 

- visualization of dopaminergic cell numbers in 
patients with Parkinson's Disease, at optimal intervals and 
during therapeutic intervention including antiparkinsonian 

10 I' 1 t ; eatment ' leSi ° n ™' *™ therapeutic 
10 manipulation of st em or other cells, syngeneic or 

xenografts dopaminergic cell transplantation including 
embryonal cells and their persistence ; 

- co-imaging using multiple isotope systems and/or 
labeled ligands to image the therapeutic agents, cells, or 
gene therapy mechanism in relation to location and function 
of relevant neural substrates including dopaminergic cells 
to exact dynamic assessment of disease and treatment 
response to correlate with clinical performance in the 
development of new treatment strategies; 
20 - ' n ° Vel CanC6r treatments in lung, breast, ovary 

GIT, prostate and brain where imaging and quantification of 
disease load and extent can be followed together with the 
xmagmg and quantification (location, activity and extent 
of coverage) of the tumor by the treatment agent: 
25 transfected gene therapy, stem ceil or altered cell 
function, drug disposition, radiation effect (vide supra 
BNCT) to verify mechanism, access and delivery, to 
correlate with clinical response and rapidly, reliably and 
safely analyze efficacy, and accelerate the introduction of 
30 new agents in a cost effective and widely accessible way; 

- X-ray holography, for example in industrial non 
destructive evaluation (NDE) , neutron holography using 
beams of neutrons scattered off objects of interest 
infrared holography in both medical (i.e. mammography) and 
35 industrial (NDE) applications. 



